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^) Method of controlling an arc spot in vacuum arc vapor deposition and an evaporation source. 



(57) A vacuum arc vapor deposition device conn- 
prising a vacuum processing chamber, a 
vacuum arc evaporation source disposed in the 
vacuum processing chamber, excitation coils 
disposed to the outside of the vacuum proces- 
sing chamber so as to surround the evaporation 
surface of a cathode in the vacuum arc evapor- 
ation source, and an additional magnetic field 
generation source disposed near the rear side 
of the evaporation surface. 

By the combination of a magnetic field for- 
med with the excitation coils and an opposite 
magnetic field formed with the additional mag- 
netic field generation source, efficient, use of 
the evaporation source target, use of a plurality 
of materials, effective converging of the plasma 
beam and efficient deposition to the substrate 
can be attained. 
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BACKGROUND OF THE INVENTTION 

Field of the Invention 

The present invention relates to an innproved to a 
vacuum arc vapor deposition technique for fomning a 
deposition film in vacuum on a substrate. 

Description of the Prior Art 

The vacuum arc vapor deposition is fundamen- 
tally executed according to such a method as to 
evaporate an evaporation materia! from an evapor- 
ation source (cathode) by arc discharge in a vacuum 
chamber and to then deposit it on a substrate applied 
with a negative bias voltage, wherein the vapor of the 
cathodic material with a high energy is emitted as a 
plasma beam from a cathode as an evaporation 
source by a high arc current, and accelerated by a 
voltage applied between the cathode and the sut>- 
strate to form a deposition film on the substrate (refer 
to Japanese Patent Publication Sho 58-3033). 

As an improved form of such a vacuum arc vapor 
deposition device, there has been known a device for 
introducing the plasma beam generated from the 
vaporation source by utilizing magnetic fields to 
improve the directionality thereof and effectively intro- 
ducing the same to a substrate. Fig. 10 shows a typi- 
cal example of such a device. 

When a deposition film is formed on the surface 
of a substrate a as an object to be processed In this 
device, a target d of a conductive material as a film for- 
mation component fe attached to a cathode e in a 
vacuum processing chamber c evacuated by a 
vacuum pumping system b, the vacuum processing 
chamber serving also as an anode in this emt>odiment 
and a cathode are connected to an arc power source 
f, vacuum arc discharge is caused between both of 
the electrodes by an arc discharge ignition means (not 
Illustrated), the target material is evaporated and 
Ionized from an arc spot formed on an evaporation 
surface q of the cathode, a plasma beam h is formed 
with the ions and electrons emitted from the arc spot 
and it is deposited on the surface of the substrate a. 
In this case, if necessary a negative voltage is applied 
to the substrate a. or a reaction gas introduced from 
a reaction gas system i and the vapor of the target ma- 
terial are brought into reaction to form a deposition 
film of a compound. 

Further, in this device, magnetic fluxes j passing 
through the evaporation surface of the cathode are 
extended near the substrate and the plasma beam is 
introduced at a high directionality to the substrate by 
uUlizIng the nature of the plasmas that they tend to be 
Introduced along the direction of the magnetic fluxes, 
to improve the film formation rate. For forming such 
magnetic fields, excitation coils k substantially In 
coaxial with the evaporation surface are disposed at 



a position near the evaporation surface of the cathode 
so as to surround the evaporation surface. In Fig. 10, 
the excitation coils k are disposed somewhat ahead 
of the evaporation surface, but they may be disposed 

5 at different positions depending on the purpose, with 
such a shape that the magnetic fluxes formed by the 
coils passes through the evaporation surface. 

Application of magnetic fields to the vacuum arc 
vapor deposition technique are also made In various 

10 other modes. 

Japanese Patent Laid-Open Hei 1-312067 dis- 
closes a vacuum arc vapor deposition device utilizing 
cusped magnetic fields in the prior art. 

As shown in Figs. 11 and 12. the vacuum arc 

15 vapor deposition device comprises magnetic poles 
constituted with a pair of electromagnetic coils k1, k2 
or permanent magnets opposed to each other at an 
identical polarity disposed along an Identical axial line 
X In a vacuum processing chamber CI having a cross 

20 shaped vertical cross section to fonm cusped mag- 
netic fields CF in a space between both of the poles 
in the vacuum processing chamber. A vacuum arc 
evaporation source with a film formation material is 
disposed in the vicinity of at least one of positions 

25 where the cupsed magnetic fields are converged into 
a spot and the magnetic field intensity becomes 
maximum with an evaporation surface gl being direc- 
ted to the center of the magnetic field. A substrate al 
is disposed in the vicinity of a position at the periphery 

30 of a central plane S along which the magnetic fields 
are diverged, and is further situated at such a non- 
perspective position as optically hidden from an 
evaporation source of the vacuum arc evaporation 
source by optical shield of intervening matters present 

35 therebetween. 

In this device, a plasma stream having electric 
charges generated from the evaporation source by 
the vacuum arc flows out under the effect of the mag- 
netic frelds from the position on the central plane S 

40 along which the cusped magnetic fields are diverged 
and deposited to form a film on the substrate, while 
neutral macroparticles proceed straight forward free 
from the effect of the magnetic fields and are preven- 
ted from intruding into the deposition film on the sut>- 

45 strate situated at a shielded position. 

In the vacuum arc vapor deposition device of the 
prior art described above, since an arc spot formed by 
the vacuum arc that causes evaporation from the 
evaporation source has a nature of displacing at ran- 

50 dom on the evaporation surface, the arc spot can not 
be controlled to be present only in a specified local 
region on the evaporation surface. Accordingly, 
evaporation occurs from the entire area of the evapor- 
ation surface to make the plasma beam diverged 

55 widely as shown in Fig. 1 1 . 

In a case where the substrate to be processed is 
relatively small as compared with the extent of the 
plasma beam, a considerable portion of the plasmas 
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evaporated from the evaporation surface can not 
reach the substrate but are merely deposited waste- 
fully on each of the portions in the vacuum processing 
chamber. Further, it is also difficult to focus the 
plasma beam at a high plasma density to a restricted 
portion. 

In addition, in the vacuum arc vapor deposition 
device using cusped magnetic fields shown in Figs. 
11 and 12, since the evaporation surface gl of the 
evaporation source and the magnetic fteld generation 
coils k1. k2 are on the central axial line X, the subs- 
trates al have to be disposed so as to be at the entire 
circumferential positions around the central axial line 
as shown in Fig, 12. 

However, in a case where the number of subs- 
trates to be processed is small, since it is Impossible 
to surround the entire circumference of a large diame- 
ter at the periphery of the central axial line with no 
wasteful gaps, most of evaporatbn products such as 
ions can not be vapor deposited on the substrate but 
wastefully consumed by being deposited to the inner 
walls of the vacuum chamber cl, which brings about 
a problem of lowering the vapor deposition efficiency. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished 
with an aim of solving the foregoing problems in the 
prior art and enabling control of an arc spot to be 
focused, control of the arc spot for the position of the 
focused region, as well as high density converging of 
plasma beam. 

The method of controlling the arc spot is charac- 
terized in that, in a vacuum arc vapor deposition 
device comprising excitation coils disposed near the 
evaporation surface of a cathode as a vacuum arc 
vaporation source substantially in coaxial with the 
vaporation surface, so as to surround it. and a first 
magnetic fields passing through the evaporation sur- 
face are formed by excitation, an additional magnetic 
field generation source comprising small excitation 
coils or permanent magnets that generate magnetic 
fields in the direction opposite to that of the first mag- 
netic fields is disposed near the rear side of the 
evaporation surface, to operate them in combination. 

By the method of controlling the arc spot and the 
evaporation source for enabling to practice the 
method according to the present invention, the arc 
spot causing the evaporation from the evaporation 
surface can be induced to a restricted region of the 
evaporation surface ahead of the additional magnetic 
field generation source. 

The function will be now described. 

Assuming, at first as shown in Fig. 1, that an arc 
spot 3 of a vacuum arc is formed on an evaporation 
surface 1 of a cathode and there are present magnetic 
fluxes 4 passing through the evaporation surface at 
an angle, it has been known that the arc spot moves 



under the interaetion between the horizontal compo- 
nent 5 of the magnetic fields and the current 2 flowing 
through the arc spot, while undergoing an electromag- 
netic force in the direction perpendicular to both of 

5 them, that is, in the direction perpendicular to the 
sheet of drawing in Fig. 1, as well as tends to move 
under the effect of the vertical component 6 of the 
magnetic fields in a case where magnetic fluxes pass 
through the evaporation surface at an angle of incli- 

10 nation in the direction where the magnetic fluxes are 
inclined at an acute angle relative to the evaporation 
surface, that is, in the rightward direction in Fig. 1 
(refer to U.S. Patent No. 2.972.695). 

Referring then to the present invention, as shown 

15 in Fig. 2. excitation coils 8 substantially coaxial with 
an evaporation surface 7 of a cathode as a vacuum 
arc evaporation source are disposed near the evapor- 
ation surface 7 so as to surround the evaporation sur- 
face and, they are excited to generate a first magnetic 

20 field comprising magnetic fluxes that pass through the 
evaporation surface. Further, an additional magnetic 
field generation source 1 0 for generating magnetic 
fluxes in the direction opposite to the first magnetic 
field is disposed in the vicinity of the rear side of the 

25 evaporation surface to generate an addittonal mag- 
netic field 1 1 shown by the dotted line. When they ar 
combined to each other, magnetic fluxes 9 extended 
outward rear the additional magnetic generation 
source are formed, and a distribution shape of mag- 

30 netic fluxes directing to the central axis are obtained 
near the evaporatbn surface by the magnetic fluxes. 
Considering the above-mentioned shape together 
with the fact that the arc spot undergoes the force in 
the direction of making an acute angle formed when 

35 the magnetic fluxes pass through the evaporation sur- 
face as explained with reference to Fig. 1 , the arc spot 
undergoes a force 12 shown by fat anrows toward the 
region ahead of the additional magnetic field gener- 
ation source on the evaporation surface. 

40 As has been described above, the arc spot of the 

vacuum arc vapor deposition in the present invention 
does not move around at random over the entire reg- 
ion of the evaporation surface as in the prior art but it 
is trapped so as to be confined within a restricted reg- 

45 ion in the vicinity ahead of the additional magnetic 
field generation source on the rear side of the evapor- 
ation surface, so that evaporatton of the film formation 
material occurs only at the focused region. 

The effect of the present invention is confirmed 

50 not only theoretically but also experimentally, and it 
has been observed that the arc spot is trapped and 
moves circumferentiaily at a high speed in a small reg- 
ion on the evaporation surface ahead of the additional 
magnetic field generation source of the permanent 

55 magnets. Further, it has also been confirmed that the 
extent of the region in which the arc spot is trapped 
varies by changing the distance between the 
additional magnetic field generation source and the 
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evaporation source and that the extent of the region 
in which the arc spot is trapped varies by changing the 
disposing position and the excitation intensity of the 
additional magnetic field generation source, as well 
as it has been found that the controf I ability is also 
excellent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view illustrating the effect 
of magnetic fluxes exerted on an arc spot on an 
evaporation surface; 

Fig. 2 is a view illustrating the shape of magnetic 
fluxes generated on the evaporation surface in 
the present invention; 

Fig. 3 is a vertical cross sectional view of a device 
as an typical embodiment according to the pre- 
sent Invention; 

Fig. 4 is an enlarged cross sectional view for a 
portion of a second embodiment illustrating the 
state of mounting an additional magnetic field 
generation source according to the present inven- 
tion; 

Fig. 5 is a top plan view for the mounting portion 

in the second embodiment; 

Fig. 6 is an enlarged cross sectional view for a 

portion of a third embodiment illustrating the 

additional magnetic field generation source 

according to the present invention; 

Fig. 7 is a plaan view of a mosaic composite target 

used in the third embodiment of the present 

invention; 

Fig. 8 is a vertical cross sectional view of a fourth 

embodiment using cusped magnetic fields 

according to the present invention; 

Fig. 9 is a transversal cross sectional view at the 

central plane in the device shown in Fig. 8; 

Fig. 10 is a vertical cross sectional view of a 

vacuum arc vapor deposition device as one 

embodiment of the prior art; 

Fig. 11 is a vertical cross sectional view of a 

device using a cusped magnetic field as another 

embodiment of the prior art; and 

Fig. 12 is a transversal cross sectional view at the 

central plane of the device shown in Fig. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described more 
specifically by way of the embodiments with reference 
to the drawings. Further, additional advantages 
obtained by the device in each of the embodiments 
will be shown together. 

[Embodiment 1] 

Fig. 3 shows a typical embodiment of a device 



used for practicing the present invention. The device 
is identical, as a whole, with the device of the prior art 
shown in Fig. 10. in which a substrate 1 5 as an object 
to be processed is contained in a vacuum processing 

5 chamber 1 4 evacuated by a vacuum pumping system 
13. a target 16 composed of a film formation material 
is attached to a cathode 17 being opposed thereto, 
the vacuum processing chamber also serving as an 
anode and a cathode are connected to an arc power 

10 source 18, arc discharge is caused by an arc dis- 
charge ignition means between both of the poles, and 
the film formation material is evaporated by the arc 
spot from the evaporation surface 1 9 of the cathode, 
to form a plasma beam 20. 

15 Excitation coils 21 are disposed surrounding the 

evaporation surface 1 9 and are excited to form mag- 
netic fields in which the magnetic fluxes pass through 
the evaporation surface of the cathode. An additional 
magnetic field generation source 22 comprising per- 

20 manent magnets is disposed near the rear side of the 
evaporation surface to generate magnetic fields in the 
direction opposite to that of the magnetic fields des- 
cribed previously for practicing the present invention. 
The permanent magnets may be replaced with 

25 electromagnetic coils for generating similar magnetic 
fields. 

The arc spot causing evaporation of the film for- 
mation material from the evaporation surface is trap- 
ped by an orbit drawing a circle in a small arc spot 

30 region 23 on the evaporation surface ahead of th 
additional magnetic field generation source 22 by the 
cooperation between both of the magnetic fields. The 
plasma t>eam 20 generated from the arc spot trapped 
in the small region also undergoes induction by the 

35 magnetic field substantially is perpendicular to the 
first evaporation surface to form a strongly directing 
converged beam shown in the figure, and introduced 
on the substrate to form a deposition film. 

Accordingly, a deposition film can be formed effi- 

40 ciently even in a case where the substrate is small 
and. since the density of the plasmas obtained near 
the substrate is high, a deposition film at a high quality 
can be formed. 

45 [Embodiment 2] 

The present invention can provide various other 
additional advantages depending on the mode of dis- 
posing the additional magnetic field generation 
50 source. 

Figs. 4 and 5 show enlarged cross sectional 
views for a portion in which an additional magnetic 
field generation source 22 comprising permanent 
magnets is disposed vertically. In the figures, compo- 
55 nents and members identical with those in Embodi- 
ment 1 shown in Fig. 3 carry the same reference 
numerals with no duplicate descriptions. 

A target 16 of an evaporation source 24 for 
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vacuum arc vapor deposition is attached to a vacuum 
processing chamber 1 4 by means of an insulation ring 
25 while being sealed by an O-ring 26. A target for a 
film formation material is attached on the surface 
being surrounded with an arc confining means 27, and 
cooled by cooling water 28 passing the rear side 
thereof. A bolt 29 is disposed at a position for the cent- 
ral axis X on the rear side of the evaporation source, 
and a link 30 having a long hole 30' secured to the 
additbnal magnetic field generation source 22 of the 
permanent magnets is clamped by nuts 31 and 
attached to the bolt 29. 

The direction of the additional magnetic field F by 
the additional magnetic field generation source 22 is 
made opposite to the direction of the first magnetic 
field C generated from the excitation coils 21. 

With such a structure, the additional magnetic 
field generation source 22 of the permanent magnets 
can be set on the rear side of the target 16 of the 
evaporation surface white being moved optionally 
both in the radial direction and the circumferential 
direction independently. The arc spot can be control- 
led to a desired position within the evaporation sur- 
face in accordance with the movement of the 
generation source 22. Further, the distance of the 
additional magnetic field generation source from the 
vaporation surface can also be varied with ease, by 
which the size of a region to which the arc spot is trap- 
ped in the evaporation surface and. accordingly, the 
converging degree, that is, the intensity of the plasma 
beam can be varied to adapt it to the size of the sut)- 
strate. The excitation intensity or the shape of the 
additional magnetic field generation source can be 
changed by replacing the permanent magnets. The 
same effect can be attained also by using electromag- 
netic coils instead of the permanent magnets. 

[Embodiment 3] 

The additional magnetic field generation source 
is semi-fixed in Embodiment 2, but a preferred result 
can be obtained, in a case where the target of the 
cathode is circular, by rotationally driving the mag- 
netic field generation source coaxially with the circular 
vaporation surface using a driving source. 

Fig. 6 shows such an embodiment, in which iden- 
tical components and members with those in the pre- 
vious embodiment carry the same reference 
numerals with no duplicate descriptions. In this 
example, an additional magnetic field generation 
source 22 is rotationally moved around a central axis 
X by a driving motor 32. 

In the prior art. since the arc spot basically moves 
at random on the evaporation surface, the central por- 
tion is mainly evaporated to be consumed sooner or 
the arc spot is localized to consume only a portion 
greatly. In Embodiment 3 of the present invention, 
since the arc spot is trapped in a region of an approp- 



riate size and the region is moved circumferential ly on 
the evaporation surface, the target can be consumed 
extremely uniformly to improve the efficiency of utili- 
zing the material. 

5 In the device shown in Fig. 6. a deposition film 

comprising alloying elements can be obtained stably 
by constituting a target into a composite target 16A in 
which two or more kinds of film formation materials 
16a. 16b are combined in a mosaic form as shown in 

10 Fig. 7. In the prior art. since the arc spot often concen- 
trates on the material, among two or more kind of 
materials, that can be present stably, the composition 
of the deposition film may possibly be deviated from 
the aimed one. However, in the present invention. 

15 since the region 23 in which the arc spot is present is 
controlled property and the region is moved 
rotationally In this emljodiment. tMDth of the materials 
16a. 16b can be evaporated uniformly to stabilize the 
composition of the deposition film. 

20 As a further application of this example, deposi- 

tion films of different compositions can be obtained 
stably by controlling the moving speed of the 
additional magnetic field generation source depend- 
ing on the angular position. 

25 

[Emt>odiment 4] 

The present invention is applicable also to a 
vacuum arc vapor deposition device using the cusped 
30 magnetic fields. Fig. 8 and 9 illustrate such an embo- 
diment, in which identical components and members 
with those shown in Figs. 11 and 12 for the prior art 
carry the same reference numerals with no duplicate 
descriptions. 

35 In this example, a bar-shaped permanent magnet 

is attached at a position just in the vicinity on the rear 
side of an evaporation source 33 while being deviated 
from a central axis X to constitute an additional mag- 
netic field generation source 34. The direction of the 

40 additional magnetic field F generated is made oppo- 
site to the direction of the primary magnetic field 
caused by excitation coils 35. The additional magnetic 
field generation source 34 may be electromagnetic 
coils instead of the permanent magnet so long as the 

45 foregoing conditions can be satisfied. 

A substrate 37 is disposed in the periphery of a 
position on the central plane S along which cusped 
magnetic fields are diverged in a vacuum processing 
chamber 36 at a position optically shielded from an 

50 evaporation source by the walls of the vacuum pro- 
cessing chamber 36. In this embodiment, three sub- 
strates 37 are disposed each being deviated in th 
same direction as the direction along which the 
additional magnetic fields generation source 34 is 

55 deviated from the central axis X. 

In the device of this embodiment, an arc spot 38 
appearing on the evaporation surfac of th vapor- 
ation source 33 by vacuum arc discharge is trapped 
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by an orbit drawing a circle near the position on which 
the additional magnetic field generation source 34 is 
disposed as shown in Fig. 9. Since the plasma beam 
generated from the evaporation surface by the arc 
spot is induced along the magnetic fluxes of the mag- 
netic field deviated from the symmetric cusped shape 
shown in Fig. 8. plasmas fly mainly leftward as shown 
by fat arrows A in Fig. 9 and contribute to the vapor 
deposition to the three substrates disposed in this 
direction. That is, vapor deposition products flying in 
the direction in which no substrates are present can 
be minimized to improve the efficiency for the vapor 
deposition. Further, by making the additional mag- 
netic field generation 34 movable as in the embodi- 
ments shown in Figs. 4 and 8, it is possible to scan the 
plasmas and control the localized position for vapor 
deposition. 

As has been described above according to the 
present invention, since the arc spot can be controlled 
to a predetermined region on the evaporation surface, 
a converged high density plasma beam can be 
obtained and a deposition film can be formed even on 
a small substrate with less loss and at high quality. In 
addition, being coupled with the improvement for the 
constitution of the device, there can be obtained vari- 
ous advantages capable of optionally controlling the 
position and the size of the plasma beam, making the 
consumption of the target uniform and stabilizing the 
composition of the alloyed deposition film. 

A vacuum arc vapor deposition device comprising 
a vacuum processing chamber, a vacuum arc evapor- 
ation source disposed In the vacuum processing 
chamber, excitation coils disposed to the outside of 
the vacuum processing chamber so as to surround 
the evaporation surface of a cathode in the vacuum 
arc evaporation source, and an additional magnetic 
field generation source disposed near the rear side of 
the evaporation surface. 

By the combination of a magnetic field forced with 
the excitation coils and an opposite magnetic field for- 
med with the additional magnetic field generation 
source, efTicient use of the evaporation source target, 
use of a plurality of materials, effective converging of 
the plasma beam and efficient deposition to the sub- 
strate can be attained. 



Claims 

1. A vacuum arc vapor deposition device compris- 
ing: 

a vacuum processing chamber, 
a vacuum arc evaporation source dis- 
posed in the vacuum processing chamber, 

excitation coils disposed to the outside of 
the vacuum processing chamber so as to sur- 
round the evaporation surface of a cathode in the 
vacuum arc evaporation source, and 



an additional magnetic field generation 
source disposed near the rear side of said 
evaporation surface. 

5 2. A vacuum arc vapor deposition device as defined 
in daim 1, wherein the excitation coils form a 
magnetic field passing through the evaporation 
surface. 

10 3. A vacuum arc vapor deposition device as defined 
in claim 2, wherein the additional magnetic field 
generation source form a magnetic field in the 
direction opposite to the magnetic field formed by 
the excitation coils. 

15 

4. A vacuum arc vapor deposition device as defined 
in claim 3, wherein the additional magnetic field 
generation source comprises permanent mag- 
nets. 

20 

5. A vacuum arc vapor deposition device as defined 
in claim 3, wherein the additional magnetic field 
generation source comprises electromagnetic 
coils. 

25 

6. A vacuum arc vapor deposition device as defined 
in claim 3, wherein the magnetic field formed by 
the excitation coils has a cusped shape. 

30 7. A vacuum arc vapor deposition device as defined 
in claim 6, wherein the additional magnetic field 
generation source Is disposed just in the vicinity 
on the rear side of the vacuum arc evaporation 
source being deviated from the central axis for the 

35 vacuum arc evaporation source. 

8. A vacuum arc vapor deposition device as defined 
in claim 7, wherein a substrate to be vapor depo- 
sited with vapor of a film fonmation material from 
40 the vacuum arc evaporation source is attached at 

a position optically shielded from the vacuum arc 
evaporation source by the wall of the vacuum pro- 
cessing chamber. 

45 9. A vacuum arc vapor deposition device as defined 
in claim 3. wherein the additional magnetic field 
generation source is held by an additional mag- 
netic field generation source holding means dis- 
posed on the rear side of the evaporation source. 

50 

1 0. A vacuum arc vapor deposition device as defined 
in claim 9. wherein the additional magnetic field 
generation source holding means comprises a 
link having a long hole and attached to the 
55 additional magnetic field generation source, a 

bolt disposed to the rear side of the evaporation 
source and passing through said link having the 
long hole and a plurality of nuts for engagement 
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with said bolt 

1 1. A vacuum arc vapor deposition device as defined 
in clainn 9, wherein the additional magnetic field 
generation source holding means is connected 5 
with a driving motor, so that the additional mag- 
netic field generation source is rotationally moved 
around the central axis for the evaporation 
source. 

10 

12. A vacuum arc vapor deposition device as defined 
in claim 11. wherein the moving speed of the 
additional magnetic field generation source is 
controlled depending on the angular position. 

15 

13. A vacuum arc vapor deposition device as defined 
in claim 11. wherein the target disposed to the 
vacuum arc evaporation source is a composite 
target comprising a plurality of film formation 
materials combined in a mosaic fonm. 20 
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